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(54) Optical fiber light coupling Interface and method for making same 



(57) An optical fiber interlace to couple a light source 
(1) to an optical ftoer (13) and also a method of fabricat- 
ing the optical fiber interface are disclosed. The optical 
fiber interface includes an improved optical fiber end- 
face which Is used to couple the light power radiated from 
the light source to the single-mode optical fiber at high 
light coupling efficiency without the use of intermediate 
lenses. The optical fiber interface consists of a sphere 
(12) and part of conical surface (11) tangent to the 
sphere (12). In the sphere (12) the light input end-face 
structure of the optical fiber core (9) lies on tiie optical 



axis (Z-Z) of the optical fiber (13). The method of fabri- 
cating the optical fiber end-face in tiie optical fiber inter- 
face has following processes. In first process the optical 
fiber end-face is inserted into tiie ferrule and fastened 
there and conical surface (1 1) is formed by using a con- 
ventional cylindrical grinder. And in second process the 
conical surface (1 1) is pushed toward an elastic material 
disk whereto an abrasive material is attached so that the 
sphere (12) is formed by polishing tiie optical fiber end. 
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Description 

BACKGROUND OF THE INVENTION 

5 1 FIELD OF THE INVENTION 

This-.nven«onre.ates to an optica. f«,erngm coupling irtertacebe^^^ 
afxl the end of an optical fiber arxl the method tor maWng same. 

10 2. PRIOR ART 

A number of proposals have been disclosed on '^^^^^^^^^ Sl^S^'eS 'a^T. 

lens) and/or a convex lens is inserted into the 9^'^«*;!,«"^2^^;Se^^ be al^ed. and that the 

interface has such problems that the f ""^^f Sn^tiSn tea miS^r one. It drastically increases the light 
inclination of the optical axis of a certain element ' ^'^'^2^? ^,ing of light power from a light source to 

coupling loss. These problems created '^'^^^^T^^^ a ^er entitled "A new scheme of 

the optical fiber. For instance, a system of the direct ''al^j^i"!^^^^^-' SwS^etal.. presented at the 1990 
coup«ng from LD to SMF utilizing a ^^1"^^,^^^^^^^^^^^ Engineers, 
spring ^4ational Conference of the Insttirte °' '"^^^^ to the singlennode optical f ber. wherein 

fiber core 2 and an optical fiber clad 3. .,^:^«n n\ HJhalaserdiodeisusedasalightsource.isdistributed 

The light power 4 which Is radiated from the laser dwde (^D)- rfJ^J^* e, of the light power 

around th? oScal axis thereof in accordancej^^^^ 

. rr^rn^s^rss^^r^r^^^^^^ 

less than threshold angle %. That is: 



IS 



20 



35 



40 



45 



50 



55 



..ere n. is the refractive index of the opticaMJ,er -J;^if^-^3-g'5;^^^^^ " 
we assume n. - 1.47 and ^^j.^^'*- T^f^^^^^i^s^^^ 

e, sNA-noSinOg 

where no is the refractive index of air (no = 1)- -pale 6 of 3 624 degrees is equal to 5.33 degrees 

approximately 20% if all other losses are disregarded. , . , 5.33 degrees, it enters into 

^Htheligm power entering on the optical fiber core at^a^^^ 

the optical fiber dad 3. which will be 1^ from the <vticalhbe^^^^^^^^^^^^ 

is the reason that the light coupling loss o^-^^^" e SSna iiJw Sng loss In Irder to increase the light 
angle and finally becomes fl'^^J'T^^^^'^S.^I^^^^ angle 6. should be equal to or 

In most light coupling. «-^v.«^w tho interface between the light source and the optical fiber 
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An optical fiber consisting of an optical fiber core 5 and an optica) fiber clad 6 is fused, drawn, and cut to form tapered 
section 7 whose diameter is gradually decreased toward the end-face thereof so that mode radius co of the optical fiber 
core 5 is extended toward the end-face thereof. A hemispherically shaped microlens 8 is formed at the end of the optical 
fiber so as to improve the light coupling efficiency. For further information, see IEEE Journal of Lightwave Technology, 
5 Vol. 11 . No. 2. pp, 252-257 (February 1993). 

If the ratio of distance S between the light source and the optical fiber end-face to radius R of microlens 8 is properly 
defined in the aforementioned example, transmission angle 82 can be equal to or less than threshold angle in a wide 
range of radiation angle e^. In tiiis case, incident angle a is equal to (61 + ej where 63 will be described hereafter. If 
incident angle a is greater than Brewster's angle 65. the reflection of the light power at the optical f toer end-face increases 
10 and the transmitted light power decreases. 

Brewster's angle 65 is expressed as follows: 

Gq sstan"^ ng 

IS % is 55.77 degrees for n^ = 1 .47. As radiation angle 61 inaeases, angle 6^ between point Pi on the hemisphere 

and optical axis ZZ rapidly increases. That is; incident angle a becomes equal to Brewster's angle 83 for a small amount 
of increase in radiation angle 81. According to calculations, incident angle a is nearly equal to 65 (a ^ 6b) at radiation 
angle (di) of approximately 18 degrees for S s 1.6R. Transmission angle 82 is nearly equal to 3.6 degrees (82 % 3.6^) 
at a radiation angle of approximately 18 degrees, which is nearly equal to optical fiber threshold angle 9^. Note tiiat this 

20 fact is important 

The light power radiated at a radiation angle of greater than 1 8 degrees (81 > 1 8**) is not propagated along tiie optical 
fiber core causing the light power loss. According to IEEE Journal of Lightwave Technology, Vol. 1 1 , No. 2, pp. 252-257 
(February 1 993), a paraboloidal surface of an optical fiber end-face not shown, which is formed by laser welding machine, 
is proposed so that transmission angle 82 is set to be nearly equal to 0 degree (82 = O"") regardless of radiation angle 
25 81. The optical property change due to fusing of tiie optical fiber end-face, however, is unknown in this proposal, which 
leaves improvement in processing machines and techniques. 

A paper entitied "A new scheme of coupling from LO to SMF utilizing a beam-expanding fiber with a spherical end", 
by Shirai et. al., presented at the 1990 Spring National Conference of the Institute of Electronics, Infbrnriation and Com- 
munication Engineers, has appeared. This paper desaibing an optical fiber having a spherical end-face points out that 
30 the optical loss due to inclination of the optical axis for tiie spherical end-face is greater than tiiat for the standard single- 
mode optical fiber end-face. See Figure 6 for details. 

As described heretofore, a light coupling lens wherein an optical fiber end-face structure such as that which is 
disclosed in this specification is formed at the front end of tiie light coupling lens. This lens has been disclosed in Japanese 
Patent Application KOKAI 1987-81615 in 1987. The optical axis alignment in these disclosures is difficult since the 
35 inclination of the optical axis greatly affects the light coupling loss, which has been described heretofore. 

As described heretofore, effective fight coupling from the light source directiy to the optical fiber is difficult; however, 
direct light coupling from the light source to the optical f ber is attractive for the designer to construct a light coupling 
device of simple structure. 

40 SUMMARY OF THE INVENTION 

An object of the present invention is to provide an optical fiber interface having an improved end-face sti-ucture. 
which couples tiie light power from the light source to tiie optical fiber at a high light coupling efficiency, and the other 
object of the present invention is to provide the method of ^rication thereof. 
45 In order to accomplish the object of the present invention, an optical fiber interfece to couple a light source to an 
optical fiber, which is built in accordance with the present invention, provides an incident end-face structure of the optical 
fiber core, consisting of a sphere whose center lies on the optical axis of the optical fiber, and part of a conical surface 
tangent to the sphere. 

In tiie optical fiber interface to couple the light source to the optical fiber, radius R of the sphere can be built smaller 
50 than mode radius co of tiie optical fber and inclination angle p of the part of a conical surface can be equal to or greater 
than 25 degrees {p 3 25"*) with respect to tiie plane perpendicular to the optical axis of the optical fiber. 

In the optical fiber interface to couple the light source to the optical fflber, distance S between the light source and 
the optical fiber end-fece can be equal to or greater tiian radius R. 

In the optical fiber interface to couple tiie light source to tiie optical fiber, following expression (1 ) Is valid for the light 
55 beam incident on the sphere from the light source and following expression (2) is valid for the light beam input to ttie 
part of a conical surface from tiie light source. 

e^. e2 = sin*^ {since, +ea)}/ni -8^ (1) 
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e.a So^sin"' {sin{e,+p)}/ni-p (2) 



where 

8,: threshold angle of the optical fiber core. 

02 transmission angle of the light beann entered into the optical fiber core. 
Gv radiation angle of the light beann from the light source. 



10 



15 



25 



30 



m: refractive index of the optj^'.^toer core. ^ .^^^^^^ q„ the 

forming a spherical o?tic?ftoer. the sphericai 

in the method of fabricating the optwal fiber *° '^J^* 1^^^^^ tiber end-face with an abrasive 

grinder to polish the optical fber end-face .s a P^'^^.'^fl.^''*^ 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Fiaure 1 shows a schematic cross-sectional view of an optical fiber end-face used as an optical fiber interface to 

«u;?a™^toteVic^;^erw^^^^^ 

Figure 2 shows optical paths of ncKlent "^Wbeam m ttie optral ^^^^^^ 

thereof, which belongs to the techniques in the pnor art 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention will be described in defail *^l;^SLl fiber end-face structure to couple light 

It,. felxicatioo melM of 91. ansleimxte '^J^V^^I^^iSeU m. c«« of a cylndrical Wnile (not 

can also be used for this purpose. 
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After the polishing is completed the temperature of the optical fiber and ferrule is elevated to 1 20*^0 so that the wax 
which fastens the optical fiber to the ferrule is melted, and the optical fiber is removed from the hole at the center of the 
ferrule. The optical f Oaer end-face is thus completed. 

The optical fiber end-face to couple the light source to the optical fiber, which has been fabricated in the manner 
5 described heretofore, can be fastened to the aligned V groove provided on tiie surfeice of a flat plate so as to use it in 
practical application. 

If the optical fiber end-face to couple tiie light source to the optical fiber is used together wHh the ferrule wherein 
the optical fiber end-face is installed, epoxy resin or soldering can be used in place of the wax so that tiie optical fiber 
is permanentiy fastened to the ferrule. 
10 Figure 2 also shows the relationship between the optical fiber end-face and a light source when the optical fiber 
end-face to couple the light source to the optical fiber is built in accordance with the present invention. 

Assume that angle p of inclination on the surface of the conical surface is 35 degrees (p = 35% Distance S between 
light source 1 and the end-face of optical fiber 1 3 to couple tiie light source 1 to optical fiber 1 3 is determined to be 1 .6 
R in terms of radius R of sphere 12 at the end-face of an optical fiber 13. That is S = 1 .6R. 
15 The light power incidence on the surface of sphere 12 from the light source will be discussed hereafter. 

Assume tiiat angle is defined as the angle between tiie line leading from incident point Pj to the center of the 
sphere and the optical axis Z-Z. Note tiiat < p = 35* . 

The light power incidence on a point on tiie sphere will be described hereafter. 

Incidence angle oi for the light beam Incidence on incident point Pj is given by 

20 

«i = Qa + ^i3 = *^^ {sine^^ 7(2.6 -cose J} + 6^ 

For the case where is 35 degrees (ea = 35**). a radiation angle 9i becomes 17.85 degrees (Bis - 17.85*) and . 
an incident angle cq becomes 52.85 degrees (oj = 52.85*). The light beam at a radiation angle Oi of 17.85 degrees or . 
25 less (9i8 = 0 1 si 7.85* ) can be incident on the surface of the sphere. 

The light beam incidence on the conical surface outside tiie sphere will be discussed hereafter. For the light beam 
at a radiation angle Oi of 1 7.85 degrees or more ( 8 e > 1 7.85* ). incident angle oo at incident point Pq is calculated t 
by 

30 ao = 8i^ + P = e^c+35 

This equation means that incident angle oq is given by tiie sum of radiation angle e^c and angle p of inclination 
on the conical surface when angle p is equal to 35 degrees. 

If compared with the sphere at tiie optical fiber end-face shown in Figure 5, the light beam at large radiation angle 
35 01 tiian that which is defined in Figure 5 can be input to the optical fiber on condition that 62 ^ ±e ^ . 

Figure 3 shows a series of graphs whereon transmission angle 82 is given in terms of radiation angle 81 of the optical 
fiber end-face to couple the light source to the optical fiber in the optical fiber intertace. 

Plot A indicates transmission angle 62 in terms of radiation angle 0i for the optical f toer end-face to couple tiie light 
source to the optical fiber, which is built in accordance with the present invention. 
40 Plot B indicates transmission angle 82 in terms of radiation angle 61 for the optical fiber end-face to couple tiie light 
source to tiie optical fiber, which is built using such an optical fiber end-face (which constitutes a ball) as shown in Figure 5. 

Plot C indicates ti-ansmission angle 82 in terms of radiation angle 81 for tiie optical f ber end-face to couple the light 
source to the optical fiber, which is built using such an optical fiber end-face (which has a flat surface which is perpen- 
dicular to the optical axis thereof) as shown in Figure 6. 
45 As shown in Figure 3, the optical f iber end-face of plot A is characterized in tiiat tiie light beam at tiie radiation angle 
(0i) of up to 32 degrees can be fransmitted through the optical fiber on condition that 83 ^ ±8 ^ . The optical fiber end- 
face of plot B is characterized in that the light beam at a radiation angle of approximately up to 18 degrees can be 
transmitted on condition tiiat 82 ^ ±8 c ■ optical fiber end-face of plot C is characterized in that the light beam at a 
radiation angle (81) of approximately up to 5.3 degrees can be transmitted on condition that 82 ^ ±9c • 
so Figure 4 shows light coupling efficiencies Ha- ^Ib and nc for P'ots A, B and C of Figure 3, respectively In Figure 4, 
a laser diode is used as a light source and additional light losses are disregarded. 

As shown in Figure 4, light coupling efficiency iia tor the optical fiber end-face of plot A is nearly equal to 83% on 
condition that 63 ^ ±8^ . Light coupling efficiency t|b tor the optical fiber end-face of plot B is nearly equal to 59% on 
condition that e 2 ^ ±8 ^ . Light coupling efficiency nc tor the optical fiber end-face of plot C is nearly equal to 1 9% on 
55 condition that 8 2 ^ ±8 . 

The light coupling efficiency for ttie single-mode optical fiber end-face is actually estimated to be approximately 70% 
due t light beam reflection at the optical fiber end-face and due to alignment errors in optical axes. 

Angle p of inclination on the conical surface, radius R of the sphere, and distance S between the light source and 
the optical fiber end-face are. in tiie en^x3diment of tiie present invention, examples which are measured for tiie standard 
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single-nKxle op^ca. fiber. Depend-.ng on the parameters o^^ 
follwng expressions should be selected as the design values. 

For the light beam incidence on the spherical portion of the optical fiber, 

e<,a e2=sin Msin{ei+ea)l/ni-9a 0) 

I 

Fbr the light beam irKidence on the conical portion of the optical fiber, 

ee6e2-sinMsin(ei+P)}/ni-p (2) 

transmission angles within the *[«s*^°''*,^"9'f;. „ sinole-tnode optical fiber can thus be Improved. 

properly selected. 
25 Claims 

rSere (12) whose center lies on the optical axis (Z-Z) of sad optical ftoer (13). and 
30 part ol a conical surface (1 1) tangent to said sphere (12). 

2. Theoptioalfberinlerfacetocouplethelightsource(1)totheop«calfiber(l3),asdalmedi^ 

IS? R of said sphere (1 2) is smaPer than mode radius c of said optical ftoer (13). 
3* ^ -4 »=^«nf,amnicai surface (11) is that which is measured With respect to 

angle p of the inclination on said Part of the 6 is to be equal to or greater 

the plane perpendicular to the optical axis (Z-Z) of said optical fiber (13). and angle p is w ^ 
than 25 degrees (P a 25'). 
« 3. Theop«calfiberin,eHacetocouplethelightsource(1)totheopticalfiber(13).ascteimedir^ 

^sSlisbe.weensa«lightsource(1)andtheop.ic^fiberend-f«:e«.obe 

(S B R). 

4 Theoptica.fiberimerfacetocouplethelight8ource(1)totheopticalfiber(13).asc.aimedinclaim 

SO (11): 

a e2 = sin'\sin(ei +ea)}/ni - 6^ (1) 

and 

^ e^B e2«sin'^{sin(ei+P)l/ni-p (2) 

where 

Be: threshold angle of the optical fiber core (9); 



6 



EP 0 712 014 A1 



62: transmission angle at which the light beam is transmitted in the optical fiber core (9): 
61: radiation angle of the light beam from the light source (1); 
ni: refractive index of the optical fiber core (9); 
and 

5 69: angle between the optical axis (Z-Z) of the optical fiber (13) and the line leading from the incident point 

(Pi) on the sphere (12), whereon the light beam is incident at radiation angle 61, to the center of the sphere (12). 

5. A method of fabricating an optical fiber interface to couple a light source (1) to an optical fiber (13) comprising the 
steps of: 

10 inserting an optical fiber (13) into a ferrule and fastening said optical fiber to said ferrule; 

forming a conical sur^ce (1 1) at the end surface of said optical fiber (13) by using a cylindrical grinder: and 
Ibrming a spherical sur^ce (12) at the end of the conical surface (1 1) of the optical fiber (13) by using a 
spherical grinder. 

75 6. The method of fabricating the optical fiber interface to couple the light source (1) to the optical fher (1 3), as claimed 
in claim 5: 

said spherical grinder to polish said optical fiber end-face is a polishing device to polish said optical fiber end- 
face with an abrasive material on a surface of an elastic material disk, when said elastic material disk whose surface 
is covered with sakii abrasive material, revolves around its revolving axis while the revolving axis rotating with respect 
20 to said optical fiber end-face. 
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S=I.6R 

eic = ei>>5 
eis = ei^^ 
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